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Abstract
It is shown, that specific chirality and flavor properties of the instanton-induced
interaction allow us to explain the observed violation Ellis-Jaffe and Gottfried sum rules.
A large value of these violations originates from the anomalous growth of the instanton-
induced interaction between quarks at high energy. The new sum rule which connect
the values of violations of Ellis-Jaffe and Gottfried sum rules have been obtained.
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At present, the possibility of anomalous baryon-number violation in electroweak in-
teraction at high energy is widely under discussion (see [1]). It was known that t’Hooft
interaction [2] can be treated as the mechanism for baryon-number violation. This in-
teraction is induced by vacuum fluctuations of gauge fields-instantons. However, the
t’Hooft’s instanton amplitude includes a very small semiclassical factor exp[−2pi/αW ]
and one would think that there are no real possibilities for observing this violation ex-
perimentally. The renewal of interest in this problem happens basically due to the fact
that at high energy the multiple production of gauge bosons from instanton leads to
anomalous growth of the baryon-number violation cross-section [3].
In QCD, the instantons violate the chirality and therefore the same mechanism, evi-
dently leads to anomalous quarks chirality violation at high energy. The most interesting
fact is that in contrast of problems of the experimental searches of baryon-number vio-
lation, in strong interaction we already observe multiple anomalous spin effects, which
can be connected only with a large quarks chirality violation at high energy (see [4]).
The perturbative QCD predicts the disappearance of chirality violation at high energy
and therefore in [5] 2the instanton interaction have been proposed as the fundamental
mechanism for the spin effects at high energy.
The very interesting results on polarized [7], [8] and unpolarized [9] nucleon structure
functions have been published recently. These experimental results lead to the conclusion
that the behaviour of the sea quarks at the small x differs strongly from the perturbative
QCD predictions. Just the data analysis shows that the quark sea is strongly polarized
and it is asymmetric in flavor. The very fast growth of quark sea at low x is still a very
mysterious fact.
Here, we will present the arguments that these surprising results can be explained by
manifestation of a complicated structure of QCD vacuum, namely by taking into account
the instanton-induced interaction between quarks.
Indeed, it is well known [10], that behavior of quark-quark cross section at high energy
determines the behavior of the nucleon structure functions at low x. So it immediately
follows that if the quark-quark cross section at high energy have the behaviour σ ∼
sα−1, then the distribution functions of sea quarks is q(x) ∼ 1/xα at low x . Thus the
anomalous behaviour of the quark-nucleon cross-sections should provide the anomalous
behaviour of the structure functions at x → 0. Unfortunately, the exact dependence of
the instanton-induced interaction from energy is still unknown [11]. It is connected with
the fact that at very high energy the small size instanton approximation is incorrect and
then one needs to take into account the overlapping of instantons.
Here we suppose that QCD instantons induce the following form for growth of cross
section 3
σqq ∼ s
αI−1, (1)
2In papers [6] the instanton mechanism for chirality violation in QCD was also
discussed.
3This form of the cross section behaviour rise from the estimates in the small size
instanton approximation [11].
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where αI > 1 and we will find the value for αI from the fit of the experimental data on
the structure functions.
The peculiarity of the t’Hooft lagrangian [2] 4
L
(2)
eff(x) =
∫
dρn(ρ)(
4
3
pi2ρ3)2 { u¯RuLd¯RdL [1 +
3
32
(1−
3
4
σuµνσ
d
µν)λ
a
uλ
a
d] + (R←→ L) } , (2)
where ρ is the size of instanton and n(ρ) is its density, consists in the specific chirality
and flavor properties of the interaction (2). Namely, it changes chirality by the value
∆Q = −2Nf and it acts only between different flavors of the quarks. In fact, these
properties are the manifestation of the Pauli exclusion principle for the scattering of
quarks off fermion zero modes in the instanton field.
One of the diagrams coming from the instanton-induced interaction to the nucleon
structure functions at x → 0 is shown in Fig.1. One can obtain more complicated
diagrams from Fig.1 using the insertion of the additional instanton-antiinstanton pairs.
It was shown in [5] that the contribution from diagram Fig.1 to the structure functions
violates both the Ellis-Jaffe sum rule [13], related to the value of chirality carried by
proton quarks, and the Gottfried sum rule [14] connected with flavor properties of the
quark sea. However, not enough fast growing instanton-induced asymptotic of structure
functions at low x (q(x) ∼ 1/xln2x) was used in [5]. Due to this fact, this asymptotic
does not describe the observed growth of the quark sea at low x.
Here, taking into account (1), we present the new form of the asymptotic
q(x)low x ∼
1
xαI
(3)
where αI > 1. From unitarity constraints [15] which lead to the instanton-induced
cross-section σqq ∼ exp(−E/E0) [11] at very high energy,
we get also
q(x)x→0 → exp(−x0/x) (4)
at very low x.
In [5] it was shown that instantons lead to the hard sea quarks distribution functions,
similar to valence form at x→ 1. This hard distribution is caused by the smaller average
size of instantons in QCD vacuum as compared with the confinement radius (ρ ≈ R/3).
Due to the same reason, the instanton-induced quark sea is additive, and its distribution
function is proportional to the distribution function of the valence quark from which it
was produced.
For the quark-quark scattering due to instantons, the chirality and flavor properties
of the sea quarks are determined by the valence quark lines incoming t’Hooft vertex
(Fig.1) [5]. So, to obtain the relation between the various chirality and flavor sea quark
distribution functions it is enough to consider the contribution to the quark sea from
4For simplicity, we present here only the instanton-induced lagrangian for case Nf = 2.
The case of Nf = 3 was considered in ref. [12].
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diagram of Fig.1. Let us consider the quark sea created by interaction (2) from the
proton SU(6)W symmetrical wave function:
p ↑=
5
3
u ↑ +
1
3
u ↓ +
1
3
d ↑ +
2
3
d ↓ . (5)
We will use the properties of the vertex (2) which lead to the opposite chirality and
different flavor as compare with the chirality and flavor of the initial valence quark. In
this way one can easily obtain the following expression for the chirality and flavor sea
quark distribution functions q+(−):
2u¯I+(x) =
2
3
NIdv(x)x
αv
xαI
fu(x) , 2u¯
I
−
(x) =
1
3
NIdv(x)x
αv
xαI
fu(x),
2d¯I+(x) =
1
6
NIuv(x)x
αv
xαI
fu(x) , 2d¯
I
−
(x) =
5
6
NIuv(x)x
αv
xαI
fu(x),
2s¯I+(x) = 2(u¯
I
+(x) + d¯
I
+(x)), 2s¯
I
−
(x) = 2(u¯I
−
(x) + d¯I
−
(x)), (6)
where NI is any constant, uv(x), dv(x) are the valence distribution functions, which we
choose in the usual form :
uv(x) = Nux
−αv(1− x)bu, dv(x) = Ndx
−αv(1− x)bd. (7)
In the formula (6) the function fu(x) provides the correct unitarity limit at x→ 0 . We
can choose this function in the form
fu(x) =
{
1, if x > x0;
exp(−(x0/x− 1)), x < x0.
(8)
Instantons also lead to the valence quark chirality fliping due to the annihilation
diagram which is shown in Fig.2. Its contribution to the valence quark distributions
functions is:
uIv+(x) =
5
6
NIuv(x)x
αv
xαI
fu(x) , u
I
v−(x) =
1
6
NIuv(x)x
αv
xαI
fu(x),
dIv+(x) =
2
3
NIdv(x)x
αv
xαI
fu(x) , d
I
v−(x) =
1
3
NIdv(x)x
αv
xαI
fu(x), (9)
The quark sea induced by the perturbative gluons does not differ in chirality or flavor,
and therefore it can be taken in the form using quark-counting rules:
u¯(x)p+,− = d¯(x)
p
+,− = 2s¯(x)
p
+,− = Ns(1− x)
5/xαP (0)−1, (10)
where the suppression of the strange sea one usually connects with the belated start of
the evolution due to the large mass of the strange quark [16] and αp(0) = 1.08 is the
intercept of the soft pomeron [17].
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From (6)- (10) one can obtain the unpolarized q¯(x) = q¯+(x)+q¯−(x) and the polarized
∆q¯(x) = q¯+(x)− q¯−(x) structure functions. So, the nucleon structure functions F
µN
2 (x)
have the following form:
F µp2 (x) = e
2
u(u
r
v(x) + 2u¯
p(x)) + e2d(d
r
v(x) + 2d¯
p(x)) + 2e2ss¯
p(x) + (
∑
q
e2q)A(x),
F µn2 (x) = e
2
d(u
r
v(x) + 2u¯
p(x)) + e2u(d
r
v(x) + 2d¯
p(x)) + 2e2ss¯
p(x) + (
∑
q
e2q)A(x), (11)
where
A(x) =
NI(uv(x) + dv(x))x
αv+1
xαI
fu(x), (12)
and qrv(x) is renormalized valence quark distribution function . The renormalization
takes into account the instanton contribution to valence quark distribution functions:
∫ 1
0
dx(urv(x) + u
I
v(x)) = 2,∫ 1
0
dx(drv(x) + d
I
v(x)) = 1. (13)
Fits of the NMC and H1 experimental data [9] for the unpolarized structure function of
the proton F p2 (x) and the neutron-proton ratio F
µn
2 (x)/F
µp
2 (x) is shown in Fig.3, 4.
The values of the parameters obtained in our fit is :
bu = 2.79; bd = 3.46; αv = 0.37; Ns = 0.095; NI = 0.0046; x0 = 0.0005; αI = 1.36.
(14)
Thus, we obtain a large excess of αI a compared with 1, which provides the growth of
FN2 (x) at low x.
The contribution of instanton-induced sea to the total sea is shown in Fig.5. From
this picture we conclude, that the nonpertubative sea gives the large contribution to
quark sea distribution functions in the interval 0.0001 < x < 0.1 and the growth of the
structure functions in this region is determined by the anomalous dependence on the
energy of the instanton-induced interaction between quarks.
The flavor dependence of the instanton sea (6)leads to large violation of the SU(2)-
flavour symmetry quark sea, which, of course, provides a strong violation of the Gottfried
sum rule for the integrated difference of the structure functions
IG(t) =
∫ 1
t
dx
x
(F µp2 (x)− F
µn
2 (x)), IG(0) =
1
3
. (15)
Our model predicts a very large violation of the Gottfried sum rule: IIG(0) = 0.247 which
can be compared with the NMC result [9]:
INMCG = 0.257± 0.017.
Further, since we have chirality distribution functions, we can obtain the spin-
dependent structure functions. It is only necessary to introduce chirality distribution
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functions for valence quarks. Let us choose these distributions in the form given by the
Carlitz-Kaur model [18]
∆uv(x) = (uv(x)− 2dv(x)/3)cosΘD(x)
∆dv(x) = −dv(x)cosΘD(x)/3, (16)
where cosΘD(x) takes into account the depolarization of the valence quarks in the low
x-region and it can be interpreted as the contribution of confinement forces to the valence
quark chirality violation. It has the following form
cosΘD(x) = (1 +H1(1− x)
2/xαv)−1, (17)
which provides the correct asymptotic for the spin-dependent valence structure functions
at x→ 0. This asymptotic form is determined by contribution from A1 trajectory with
intercept αA1(0) ≈ 0. From the formulas (6)- (9), and (16), (17) one can obtain the
proton and neutron structure functions gp,n1 (x):
gp1(x) =
4
18
∆uv(x) +
1
18
∆dv(x)− (
∑
q
e2q)B(x),
gn1 (x) =
4
18
∆dv(x) +
1
18
∆uv(x)− (
∑
q
e2q)B(x), (18)
where
B(x) =
(NI(2uv(x)− dv(x))x
αv+1
6xαI
fu(x), (19)
In Fig.6,7 we present the results for gp1(x) and for g
n
1 . The value of the parameter
H1 = 0.14 was determined from normalized to the Bjorken sum rule [19] . In Fig.6 the
contribution to gp1(x) from the valence quarks is also shown. This contribution does not
describe the data. The first moment of gp1(x) is,
Ip =
∫ 1
0
gp1(x)dx = −0.03, (20)
which leads to very large violation of the Ellis-Jaffe sum rules [14]: IEJp = 0.175± 0.018.
The neutron spin-dependent structure function gn1 (x) is negative and it reaches large
absolute values at low x. The first moment is In = −0.238, which is much smaller than
the predictions of most models. In Fig.8 we also show the result of our calculation of
the deutron spin-dependent structure functions gd1(x).
From Fig.6-8 it follows that our model predicts a very fast decrease of the spin-
dependent structure functions g1(x) to negative values of decreasing x. It is connected
with shadowing of the valence quark chirality by the sea quark chirality and also with
fliping the valence quark chirality by instantons. It should be stressed that in our model
the growth of the unpolarized structure functions FN2 (x) in the low x regions is directly
connected with the decrease of the spin-dependent structure function gp1(x).
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For values of chirality, induced by instantons, one obtains from (6), (9):
∆uI = 0.29 ; ∆dI = −0.96 ; ∆sI = −0.72. (21)
The valence proton quark chiralities are ∆uv = 1.01 ; ∆dv = −0.24. Therefore, the total
chirality, carried proton quarks, is:
ΣItot = ∆u+∆d+∆s = −1.4. (22)
This value contradicts the EMC result [7]:
ΣEMC = 0.12± 0.24. (23)
The cause for this discrepancy is the different extrapolation to low x. So, the quark
chirality for the EMC interval is: Σ(0.01 < x < 0.7) = 0.24 . It means that the main
contribution in value (22) due to the kinematical region which is not accessible in the
EMC experiment.
From (6), (9) at SU(6)W limit for the valence quarks structure functions uv(x) =
2dv(x) we obtain a very interesting relation between of the values of the violation Got-
tfried and Ellis-Jaffe sum rules:
∫ 1
0
dx
x
(F µp2 (x)− F
µn
2 (x))−
1
3
=
∫ 1
0
gp1(x)dx−
5g8A + 3g
3
A
36
. (24)
Thus we suggest a new mechanism for the explanation of the anomalous behaviour of
the polarized and unpolarized structure functions al low x. It is related to the growth of
the instanton-induced quark-quark interaction at high energy. So, the instanton exchange
leads to the fast growth in the unpolarized FN2 (x) and to the fast decrease of the polarized
gN1 (x) functions at 0.0001 < x < 0.1.
We have also shown, that for the exchange by instantons the Pauli principle for quarks
on zero fermion modes provides strong correlation of spin and flavor of the sea quarks
and valence quarks. This correlation leads to violation of the Ellis-Jaffe and Gottfried
sum rules. The large value of these violations is determined by the large contribution of
the instanton-induced sea in the low 0.0001 < x < 0.1 region.
The author are sincerely thankful to A.E.Dorokhov, A.V.Efremov, N.N.Nikolaev,
G.Ramsey, A.Scha¨fer, E.V.Shuryak for useful discussions, Prof.Meng Ta-chung for warm
hospitality at the Free University of Berlin and the DFG (Project: ME 470/7-1) for
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